Introduction

28
Geosynchronous orbit (GEO) is located at the approximate boundary between the inner 29 magnetosphere (where plasma motion is largely dominated by co-rotation and gradient-curvature 30 drift), and the outer magnetosphere (where plasma motion is largely dominated by the global 31 magnetospheric convection cycle). Many scientific models of the plasma populations in the inner 32
48
The aim in developing a new model of the plasma environment at GEO is to complement existing 49 models such as AP9/AE9/SPM [Ginet et al., 2014] , IGE-2006 [Sicard-Piet et al., 2008 or the two-50
Maxwellian ATS-6 models [Purvis et al., 1984] . Such models tend to be tailored towards 51 spacecraft operators and the operational community, and concerned primarily with hardware effects 52 due to the harsh electron and ion flux environment (e.g. internal charging, total dose over mission 53 lifetime). Other, scientific models such as the IMPTAM model of Ganushkina et al. [2013; 2015] 54 follow distributions of ions and electrons from the tail plasma sheet to the inner magnetosphere by 55 careful consideration of the physics in the region. In the current study, an empirical model that 56
utilizes the large data-sets that have been gathered over more than two full solar-cycles is 57 
Observations
75
The ion and electron populations at GEO are routinely measured by Magnetospheric Plasma 76
Analyzer (MPA) instruments on-board multiple LANL satellites [Bame et al., 1993] . The full 77 satellite-years of data). MPA instruments are electrostatic analyzers that measure the three-79 dimensional energy-per-charge distributions of both ions and electron between ~1 eV/q and ~40 80 keV/q [Bame et al., 1993; . The time cadence of the observations is such that 81 a single ten second snapshot of the distributions is available for analysis every 86 seconds. In 82 contrast to many other scientific satellites, the LANL spacecraft platform is particularly well-suited 83 to observations of thermal ions since the spacecraft charges slightly negatively with respect to 84 infinity. Thus, all low-energy ions are readily detected at all times, typically accelerated towards 85 the spacecraft by the spacecraft potential. In contrast, electrons moving towards the spacecraft are 86 decelerated (or totally repelled) by the negative potential . Although there are 87 no magnetometers on-board the LANL satellites, the magnetic-field direction can be derived from 88 the symmetry axis of the three-dimensional particle distributions, allowing identification of the 89 components of the temperature parallel and perpendicular to the field . 90
91
With respect to the low-energy ion population (<100 eV), MPA instruments regularly observe ions 92 in the co-rotating plasmasphere during extended periods of calm geomagnetic activity [ and subsequently drift either eastwards or westwards around the Earth, following drift-paths that 107 are charge-dependent and energy-dependent (e.g. Korth et al. [1999] ). However, the process by 108 which the plasma actually arrives close to GEO is likely associated with particle injections [Mauk 109 and Meng, 1983] such as occur during substorms [Henderson et al., 2006a; 2006b] . it is known to be a very good proxy for large-scale magnetospheric convection [Thomsen, 2004] be well-explained in terms of the particle energy, and the balance between the co-rotation electric 213 field and the convection electric field proxied by Kp [Korth et al., 1999; Korth and Thomsen, 214 2001]. For energies greater than ~100 eV, which are typical of the plasma sheet, the electrons (that 215 come from the plasma sheet at distances > 6.6 R e ) first arrive at GEO on the nightside of the Earth, 216 close to local midnight, and drift to the east. The corresponding plasma sheet ions first arrive at 217 GEO close to local midnight and drift to the west. Both electrons and ions are susceptible to 218 energisation and loss processes as they drift [Korth et al., 1999] . flux is higher at solar minimum than at solar maximum, by a factor in excess of two. At higher 284 energies (> ~50 eV) the situation is reversed and the ion flux at solar maximum is at least double 285 that at solar minimum. The electron flux at these energies is also greatest at solar maximum, with a 286 factor of at least two difference between solar minimum and solar maximum (see Thomsen et al. 287 [2007] ). 288
289
Although a fine-grained study of changes in the plasma populations at GEO at all points over a 290 solar-cycle is beyond the scope of this current study, it is possible to achieve a coarse 291 parameterization using three different ranges of the F10.7 index. Figure 8) . However, it is also clear that the best match 390 between data and model for the two cases shown in Figure 9 is found at local noon where both the 391 magnitude of the predicted flux level, and the general slope of the spectra, are both reasonably 392 well-matched to observations (mostly within the envelope between the 5 th and 95 th percentiles). At 393 local midnight the slope of the model spectrum is steeper than that measured by CEASE-II. In 394 addition, the satellite observations at noon and midnight show a local maximum at ~5-10 keV that 395 is not reproduced by the model. 396
397
Given that the CEASE-II sensor and the LANL/MPA instrumentation have not been inter-398 calibrated, the results shown in Figure 8 and Figure 9 are encouraging, and would be likely to 399 improve even further upon intercalibration between the satellites. These results provide 400 independent evidence that this first incarnation of the model can be utilized to make coarse 401 predictions of the plasma flux environment at GEO. Unfortunately, the CEASE-II sensor does not 402 also measure the ion population below 40 keV. It is planned to test the model ion flux predictions 403 against independent observations at GEO in future using other datasets. 404 405
Model limitations 406
In the current incarnation of the model both the electron and ion flux are predicted at any local-time 407
around Earth, at any specified energy between 1.034 eV and 40.326 keV for electrons, and between 408 1.816 and 40.649 keV for ions, and at any specified Kp value. The model is not applicable for 409 times when the magnetosheath moves inwards of GEO. In addition, the model does not (yet) 410 include the effects of : (i) substorm dynamics, (ii) substorm injections, or (iii) drift echoes or 411 dispersion features. Any of these three issues may be important for some applications. In addition, 412 since LANL/MPA only measures the fluxes from ~1 eV to ~40 keV then the model can only be 413 used to estimate the partial plasma pressure (and energy-density), rather than the total plasma 414 pressure due to the complete distribution at all energies. magnetosphere. At present, the probability distributions (see Table 1 and also Figure 3) , and the 426 percentiles provided by the model (see Table 2 local midnight (when Kp=4) and the crosses indicate the spectra at local noon (when Kp=2). In this 722 instance, the spectra are much better matched at noon than at midnight. 723
